The choice of the symbol bo, with the corresponding vector BI = bodx'/ds, to denote the proper rate of energy production can serve to remind us that the proposed equations are an outcome of Bohr's suggestion as to the possibility of such energy creation.
as measured by a local observer, is to be regarded as a function of the chemical constitution and physical state of the matter involved, to be determined by empirical methods.
It should also be noted that an acceptance of equations (4) and (5) as an expression of the energy-momentum principle would also involve some modification of the usual expression for the dependence of spacetime metric on the distribution of matter and energy, since this is such as to make the divergence of the energy-momentum tensor necessarily equal to zero. Some remarks as to metric in a non-conservative mechanics will be made in a following note. 'Tolman, these PROCEEDINGS, 20, 379 (1934 VOL. 20, 1934 generation per unit volume, and dxJ/ds the "velocity" of matter at the point of interest, all the quantities being regarded from a macroscopic point of view. It is immediately evident, nevertheless, that this expression would not agree with the usual relativistic relation between the energymomentum tensor T" and the contracted Riemann-Christoffel tensor R--8zrT = R`-Rge,, (2) since the tensor divergence of the right-hand side of (2) vanishes identically.
To obtain a generalization of this equation suitable for a non-conservative mechanics we have the following considerations to guide us. In the first place the final postulate should be expressed in a covariant form, equally valid in all sets of coordinates, in order to avoid unsuspected assumptions that might be dependent on the use of some particular set of coordinates. Secondly, in accordance with the known successes of the theory of relativity, the postulate should be reducible in the absence of any energy creation to the older expression (2) . Finally, if we are to assume a reality for the process of energy production, we should also wish to assume that any newly created energy would have the same kind of effect on gravitational field and metric as is produced by energy already present.
The first two of these considerations are, of course, very essential criteria for the acceptability of any final postulate. They have, however, practically no directive action which could lead us to an actual choice On the other hand, however, if we make use of the methods discovered by Einstein2 for the approximate treatment of weak gravitational fields, it can be shown that the third consideration, requiring newly created energy to have the same kind of effect as other energy in producing a gravitational field, does have considerable force to suggest a definite method of attack.
2. Weak Fields with Energy Conservation.-Let us take a gravitational field weak enough so that deviations from the "flat" space-time of the special theory of relativity will be small. We can then use coordinates (x, y, z, t), which are approximately Galilean in character, with the components of the metrical tensor given by the expression (6) can in general be made which, after dropping primes, will reduce the above expression to the simple form
holding in the specialized quasi-Galilean co6rdinates thus obtained.
In the ordinary theory of relativity, in which energy conservation is preserved, (7) and (2) values of T, and T at the location of dv at the time t -r, without any distinction between energy which has just been created inside the element dv and energy which has been there for some time or has entered from the outside. Nevertheless, if we desire to base our new theory on equations (5) and (9), it is evident that we can now no longer take the specialized quasi-Galilean coordinates in which (9) holds as being also a special set in which (5) reduces to the simple form (7), since this would at once lead to the usual relation between distribution and metric which requires the conservation laws.
These considerations are sufficient to give a relation between the RA, and the Ta,,, since by combining the general equation (5) with the consequences of (9) Treating this expression by familiar methods of tensor manipulation, the result can also be expressed in the form -8irT =RA --1 -^R ,,2 Rg, + D1V)
where D,,, the discrepancy from the usual expression for the dependence of the energy-momentum tensor on the metric, would be subject to the equation
5. Conclusion.-The final result certainly does exhibit some of the properties for a satisfactory relation between metric and distribution in a non-conservative mechanics. It is covariantly expressed and hence would be true in all sets of co6rdinates if true in one. In fields of any strength, it can be taken as reducing to the usual relation between metric and distribution in the complete absence of energy creation or destruction, and as approaching thereto as we recede from regions where the conservation laws fail. Furthermore, in fields of any strength, the discrepancy from the usual relation would be propagated, through regions where the conservation laws do hold, in accordance with a type of wave equation which is characteristic of the metric. Lastly, in fields weak enough so that approximate methods can be used, we can obtain the solution (9), which makes newly created energy have the same. effect in producing a gravitational field as that which has survived destruction.
On the other hand, the result has two quite unsatisfactory features. In the first place, it has been obtained by a fairly complicated generalization that starts from an equation (9) which at best can be true only in very special sets of quasi-Galilean co6rdinates. In the second place, in the process of generalization we have changed from equations of the second order to equations of the fourth order in the derivatives of the metrical tensor, without obtaining any specific rules for choosing those integrals of the latter which have physical significance, beyond general notions as to the behavior of the equations in weak fields or under certain limiting conditions.5 Both of these points have also been specially emphasized by my colleague Professor J. R. Oppenheimer whose criticism has been very helpful.
Finally, it may be well to stress again as in an earlier note,6 that the failure or validity of our older ideas as to the conservation of energy is still a matter for empirical decision 1. A possible configuration of the atoms is one in which either A or B occupies a given structural position in the solid solution structure without regard to its neighbors. There is thus a random distribution of A and B which has the same identity periods as the general solid solution crystal structure. In this solid solution series, crystals of pure A may be designated by the formula A, crystals of pure B by the formula B, and in conformity with tbis, crystals of half A and half B in random distribution may be designated by the formula: rA1/2 B1/2 2. The structure of the crystal may consist of some sort of regular alternation of A and B within the general scheme of the A -B solid solution crystal structure. As a necessary consequence of the alternation of A and B atoms, one or more of the primitive identity periods of the crystal become small multiples of the corresponding identity periods of the general
